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INTRODUCTION: The 7S globulin phaseolin is the most abundant seed protein in common 
bean (Phaseolus vulgaris) accounting for close to 50% of total seed protein in cultivated 
varieties. Two different types of phaseolin genes encode two phaseolin subtypes, α- and β-. Their 
coding sequence is distinguished by the presence of a 27 bp repeat in α-phaseolin (Slightom et al. 
1985; Kami and Gepts 1994). The α- and β-phaseolin genes are more dissimilar in their 
promoters and 5'-untranslated regions (Slightom et al. 1983; Anthony et al. 1990). Phaseolins are 
encoded by a single complex locus in the genome, predicted to contain multiple genes in tandem. 
Southern hybridization studies showed that the phaseolin multigene family consists of 
approximately seven members (Talbot et al. 1984). It is notably difficult to assemble next 
generation sequencing read data for loci with highly repetitive gene sequences such as those of 
storage protein genes (Dong et al. 2016). The first assembly of the reference genome G19833 
contained unique copies of α- and β-phaseolin on chromosome 7, on opposite strands 
approximately 120 kb apart (Schmutz et al. 2014). A newly released version (v2.1) contains 
three α- and two β-phaseolin genes (Fig. 1). We used the quantitative polymerase chain reaction 
(qPCR) according to Ingham et al. (2001), in the genetic stock SARC1 which contains both α- 
and β-phaseolin (Osborn et al. 2003), to determine the number of copies of these genes.  
 
MATERIALS AND METHODS: Genomic DNA was extracted from leaf tissue using 
a QIAGEN DNeasy Plant Mini Kit (Toronto, ON). DNA samples were quantified using 
a NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific, Burlington, ON), 
and quality evaluated from A260/A280 ratio and by agarose gel electrophoresis. Gene-specific 
primers were designed using Primer-3 (Rozen and Skaletsky 2000). Primers were 
designed for single copy genes as follows: for β-cyanoalanine synthase (Phvul.008g06110.1), 
qBSAS3.1-F23, 5ꞌ-GCATCATCCTCAAGCAAAGGT-3ꞌ; and qBSAS3.1-R172, 5ꞌ-
CAGGGAGGTCCTTAGGCAAC-3ꞌ; for lipoxygenase (Phvul.005g15700.1), qLox-F19, 5ꞌ-
GGTCTCATCAATAGGGGCCA-3ꞌ; and qLox-R117, 5ꞌ-ACGACCTAAGAAGGCAGTGA-3ꞌ; 
for phytoene desaturase (Phvul.001g264200.1), qPDS-F141, 5ꞌ-
CGACCCACTTCATTTCGTGC-3ꞌ and qPDS-R306, 5ꞌ-CTTCAGGGGTTGTAGCGGAC-3ꞌ. 
For phaseolin, a primer pair amplified both phaseolin genes: qPhs-F66, 5ꞌ-
ATTTGCCACTTCACTCCGGG-3ꞌ and qPhs-R246, 5ꞌ-CCTGAACTCCACAAGACGGT-3ꞌ; a 
second one was specific for β-phaseolin: qβPhsF, 5ꞌ-CCTTTCTTGGTATGTAAGTCCG-3ꞌ and 
qβPhsR-372, 5ꞌ-GCCAGTGACTAATTTGAGTTGGTTG-3ꞌ. Quantitative PCR was performed 
with SsoFast EvaGreen Supermix using a CFX96 Real-Time PCR Detection System (Bio-Rad 
Laboratories, Mississauga, ON). Reactions contained 15 ng of DNA and primers at a 
concentration of 0.5 µM. They were carried out in Hard-Shell 96-well clear PCR plates (Bio-
Rad) in a final volume of 15 µl. In the same plate, controls without template were performed in 
duplicate. The PCR program consisted of an initial step of 3 min at 95oC, followed by 40 cycles 
of 15 seconds at 95oC and 30 seconds at 53.0 to 63.0oC. Reactions were run at different 
annealing temperatures as follows: 53.0, 53.7, 55.0, 56.9, 59.4, 61.3, 62.5 and 63.0oC. Data were 
expressed as the cycle number necessary to reach a threshold fluorescence value (Cq). The 
reported values are the means of two biological replicates consisting of independent DNA 
108 
extracts, with each biological replicate the average of three technical replicates. The specificity 
of primer pairs was confirmed by melt curve analysis in comparison with controls without 
template, and by agarose gel electrophoresis of PCR products. PCR efficiency was calculated 
from a standard curve of Cq versus the logarithm of starting template quantity. Each assay was 
optimized so that the efficiency ranged between 95% and 105%, with a coefficient of 
determination (R2) > 0.99.  
 
RESULTS: The Cq of phaseolin was low compared to the single copy genes (BSAS3.1, PDS and 
Lox) at any temperature of annealing (Ta) tested. The average Cq for single copy genes was 
similar (ca. 22.5 cycles). The value was intermediate for β-phaseolin (20 cycles), and lower for 
the non-specific phaseolin primers (19). Based on exponential accumulation, the copy number of 
phaseolin genes is estimated to be equal to eight, with four copies of β-phaseolin and four copies 
of α-phaseolin genes. The present results are consistent with the above noted hybridization 
results of Talbot et al. (1984). A possible reason to explain the discrepancy between the number 
of genes in the genome assembly and that measured by empirical methods may be the presence 
of additional, non-functional gene copies, which may not be annotated in the reference genome.  
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